Developing measures of socioaffective processing is important for understanding the mechanisms underlying emotional-interpersonal traits relevant to health, such as hostility. In this study, cigarette smokers with low (LH; n = 49) and high (HH; n = 43) trait hostility completed the Emotional Interference Gender Identification Task (EIGIT), a newly developed behavioral measure of socioaffective processing biases toward facial affect. The EIGIT involves quickly categorizing the gender of facial pictures that vary in affective valence (angry, happy, neutral, sad). Results showed that participants were slower and less accurate in categorizing the gender of angry faces in comparison to happy, neutral, and sad faces (which did not differ), signifying interference indicative of a socioaffective processing bias toward angry faces. Compared to LH individuals, HH participants exhibited diminished biases toward angry faces on error-based (but not speed-based) measures of emotional interference, suggesting impaired socioaffective processing. The EIGIT may be useful for future research on the role of socioaffective processing in traits linked with poor health.
Affective processing bias-a tendency to automatically allocate attention preferentially toward certain classes of emotionally salient stimuli-may play a central role in the development and maintenance of various maladaptive traits. 1 Cognitive measures can be used to indirectly assess attentional responses toward emotional stimuli to make inferences regarding affective processing biases. The most common indirect measure of affective processing is the emotional Stroop task. 2 Consistent with the notion that individuals have implicit processing biases toward threat, evidence suggests that individuals are slower and less accurate in naming the color of threatening words, as compared to neutral words, on this task. 3, 4 This phenomenon, labeled an emotional interference effect, may occur because an individual's attention is distracted by the affective content of threatening stimuli, which disrupts color naming performance. Importantly, extant data indicate that emotional interference effects are abnormally elevated or diminished among individuals with maladaptive emotional traits 2 and tobacco dependence. 5 Thus, impaired affective processing may contribute to characteristics linked with poor mental and physical health.
Despite the clinical and scientific promise of the emotional Stroop task, it is not without its limitations. Of note, participants can use conscious strategies, such as visual defocusing, while completing the task, 2, 6 which can serve to suppress emotional interference effects. Thus, researchers have been testing new tasks designed to assess emotional interference effects induced by socioaffective stimuli (i.e., emotional faces), which may be less vulnerable to this pitfall. For example, Kolassa and Miltner 7 compared people with social phobia (n = 19), spider phobia (n = 19), and healthy controls (n = 19) on a speeded gender identification task. In this task, participants categorized the gender of pictures of human faces expressing angry, happy, or neutral emotion. Because participants have to focus on the target stimulus to identify its gender, this task may be less vulnerable to some of the strategies used to suppress emotional interference effects. The authors found that participants were slower to identify the gender of angry and happy faces as compared to neutral faces, indicative of a socioaffective processing bias towards these emotions. No differences in affective biases were found between the groups.
Based on these findings, there are several issues that require further clarification. First, angry expressions were the only negatively valenced stimuli that were used, leaving it unclear whether socioaffective interference effects extend to other negative affects (e.g., sadness). Second, reaction times were the only behavioral outcome analyzed. Error rate can also be an additional useful indicator of emotional interference. The capture of attention by the emotional content of stimuli may not only interfere with the speed of the required response on an emotional interference task, it can also interfere with accuracy of that response. Indeed, research using the emotional Stroop task indicates that error rate can be an additional useful indicator of emotional interference because it associates with relevant external variables, but it may potentially tap a unique component of affective processing biases. 3, [8] [9] [10] For example, Dawkins et al 10 found that administering nicotine to participants resulted in increased levels of interference by positive (vs neutral) words on an emotional Stroop task when error rates were used as the outcome variable but did not find significant effects when speed was used as the outcome variable. Similarly, Waters et al 9 found a similar nicotine (vs placebo) effect with error rates (but not response latency) on interference induced by smoking-related words. Given their relationship with relevant external variables, error rate measures of emotional interference appear to be valid indicators of affective processing, which underscores the significance of measuring both reaction time and error rate in the assessment of socioaffective processing. Finally, it would be informative to examine whether emotional interference effects on the gender identification task differ as a function of other maladaptive traits that are relevant to mental and physical health.
Hostility is one such trait that might be associated with dysregulated socioaffective face processing. This trait is defined by the presence of cynical attitudes, mistrust of others, irritability, and a tendency toward anger expression.
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Of note, hostility is a robust risk factor for cardiovascular diseases 12 and negative health behaviors, including alcohol consumption, 12 smoking, 12 and poor smoking cessation outcomes. 13 As a result, there has been increased interest in examining the psychological processes that underlie hostility. Studies of college students have found that higher levels of hostility are associated with a tendency to be less accurate in decoding facial expressions of emotion. 14, 15 However, it remains unclear whether hostility is also related to abnormalities in socioaffective face processing on indirect measures that may tap implicit emotional interference effects. In addition, it is unknown whether hostility is linked with socioaffective processing biases in populations at greater risk of negative health outcomes, such as smokers, which is of interest because of the high prevalence of smokers among hostile individuals. Finally, it is not clear whether associations between hostility and dysregulated socioaffective processing may be due to hostility's overlap with general emotional disturbance, or whether they are specific to the socioaffective construct of hostility.
In this study, individuals with low hostility (LH) and high hostility (HH) completed an Emotional Interference Gender Identification Task (EIGIT), in which participants made speeded categorizations of the gender of facial pictures that varied in affective valence. The participants were smokers enrolled in a more extensive laboratory study on hostility and smoking 36 who completed the EIGIT at their baseline visit. The primary aims of this study were to: (1) investigate socioaffective processing biases by comparing speed and accuracy of responses to angry, happy, neutral, and sad faces on the EIGIT; and (2) examine whether these biases were moderated by trait hostility.
METHODS

Participants
Participants were LH (n = 49) and HH (n = 43) smokers recruited from the local community to participate in a more extensive laboratory study on hostility and smoking. 36 Participants were recruited through advertisements in Rhode Island area periodicals, with announcements targeting smokers aged 18 years and older interested in participating in research on emotion and smoking. For inclusion, participants had to (a) be 18 years of age or older, (b) have smoked cigarettes regularly for at least 1 year, (c) currently smoke at least 10 cigarettes per day, (d) currently be using no other tobacco products or nicotine replacement therapy, and (e) be able to read English. Subjects were excluded if they were dependent on alcohol or drugs other than nicotine and met criteria for current affective disorder as determined by the Structured Clinical Interview for DSM-IV-Non Patient Version (SCID-NP). 16 The overall sample was 54.3% female, 73.9% white, and had a mean age of 38.7 years (SD = 12.5, range = 18-68). Twelve percent of the sample reported currently taking psychiatric medications, and 42% met criteria for history of major depressive disorder. On average, participants smoked 21.5 (SD = 8.7) cigarettes per day and had a Fagerström Test of Nicotine Dependence (FTND) 17 score of 5.2 (SD = 2.2), indicating a medium level of nicotine dependence severity in this sample. None of the aforementioned baseline variables significantly differed by group. On the Positive and Negative Affect Schedule (PANAS), 18 HH participants scored higher than LH participants on the negative affect scale (LH, M = 12.0, SD = 2.7; HH, M = 15.4, SD = 6.2; p = .0007) but not on the positive affect scale (LH, M = 33.4, SD = 9.1; HH, M = 31.9, SD = 9.2; p = .44). All participants provided informed consent before participating, and the study's procedures were approved by the university's Institutional Review Board.
Self-Report Measures
The 17-Item Cook-Medley Hostility Scale
The 17-Item Cook-Medley Hostility Scale 11 is an empirically-derived, shortened version of the 50-item truefalse Cook-Medley Hostility Scale drawn from the Minnesota Multiphasic Personality Inventory (MMPI). 19 This shortened scale correlates strongly with the extended version (r >.93) and taps a primary latent dimension indicative of expectations of a hostile and oppositional interpersonal world, 11 which may be more relevant than broader hostility constructs to socioaffective processing. Subjects had to score either a 5 or lower (LH) or a 10 or higher (HH) to participate. Using these cut points ensured substantial differentiation between groups as they corresponded with the upper (HH; score of ≥10) and lower (LH; ≤5) thirds of scores from previous samples. 20 This was expected to maximize the differentiation between the two groups on the target construct, which we anticipated would increase the power of the hostility group contrast. To avoid confounds, LH and HH groups were recruited to ensure an approximate balance of gender and Fagerström Test for Nicotine Dependence score.
Positive and Negative Affect Schedule
The PANAS 18 includes two 10-item subscales that measure current positive (e.g., interested, excited, enthusiastic) and negative (e.g., irritable, distressed, nervous) affect. This measure was included as a potential covariate to examine whether effects involving hostility were above and beyond any overlap with general emotional disturbance.
Procedure
During a phone screen, participants were administered the 17-item Cook-Medley Hostility Scale and asked questions about eligibility criteria. Eligible individuals were invited for a baseline session. At the outset of the baseline session, participants were administered the SCID-NP. They then completed questionnaires, including the PANAS, and then responded to the EIGIT.
The EIGIT
The EIGIT was programmed using E-prime software (Version 1.1) 21 and administered on a Pentium-IV computer. Instructions were presented on a 19-inch monitor, and all responses were recorded by the computer. Responses were entered directly on the computer's keyboard.
Task Procedure
At the outset of the task, participants were instructed that the task examined detection speed and accuracy. They were informed that they would be presented with pictures of faces on the computer screen, and that their task was to identify the gender of each face by pressing a corresponding button on the keyboard as quickly and as accurately as possible. Key assignment (left-male/right-female vs leftfemale/right-male) was randomized across participants. Participants first completed 8 practice trials; after each, corrective feedback was presented (correct or incorrect). They then completed 32 experimental trials, for which feedback was not provided.
On each trial, a target stimulus was presented and remained on the screen until the participant responded. An interstimulus interval ranging from 1000 to 1500 ms elapsed between each trial. The duration of this interval was random across trials to prevent participants from guessing the time at which the target would appear.
Stimuli
Pictures were selected from the Japanese and Caucasian Facial Expressions of Emotion system (JACFEE-NEUF). 22 The JACFEE-NEUF includes pictures of posers who were photographed while portraying specific emotions. Posers were trained to contract or relax different facial muscles associated with the specific emotions. The background and lighting of pictures are consistent across the stimulus set. For the development of JACFEE-NEUF, photos were coded by Ekman and Friesen's 23 Facial Action Coding System to ensure the validity of the expressions to portray the intended emotion, as well as comparability within emotion of expression intensity levels. 22 Pictures were 4.5 inches wide by 3.25 inches tall and presented at the center of the screen. There were 8 (4 female, 4 male) practice trials using neutral pictures, followed by 32 experimental trials: 8 angry (4 female, 4 male), 8 happy (4 female, 4 male), 8 neutral (4 female, 4 male), and 8 sad (4 female, 4 male). The stimuli selected from the JACFEE -NEUF system were as follows: practice (N7, N10, N18, N23, N37, N42, N45, N53), angry (E1-E8), happy (E33-E40), neutral (N1, N4, N19, N20, N30, N33, N46, N48), and sad (E41-E48). Within each of the affective categories, there were 2 photographs of Caucasian women, 2 of Caucasian men, 2 of Japanese women, and 2 of Japanese men. Each stimulus presented a photograph of a different person to avoid the development of associations between particular posers and affective valences, which could contaminate responses across categories (e.g., seeing a particular poser express an angry face on 1 trial could later bias an individual's response to a picture of the same poser expressing a neutral face). To minimize the influence of factors other than emotional valence on the speed and accuracy of gender identification, pictures were selected such that the degree to which male posers appeared masculine and female posers appeared feminine was consistent across emotion categories. The order of presentation was random.
Scoring
Consistent with prior reports, 24, 25 
Slower RTs and more errors on trials of an emotional category versus neutral trials are indicative of a socioaffective processing bias toward that emotional expression. Thus, for the purpose of evaluating the psychometric properties of EIGIT biases, separate interference effect difference scores were computed for angry, happy, and sad categories (mean of emotionally valenced trials minus the mean of neutral trials). The intercorrelations of interference effects for RT and error estimates are reported in Table 1 . Following Waters et al, 9 we estimated internal reliability by randomly separating 2 groups of 4 stimuli within each category, computing their means, and then subtracting the mean value of the neutral trials to create 2 parallel interference effect difference scores for each stimulus category. We then correlated these difference scores and applied the Spearman-Brown formula to derive the split-half reliability coefficient (see values on diagonal in Table 1 ). Notes. N = 92. Analyses use interference effect difference scores (mean of emotionally-valenced trials-mean of neutral trials). Values on the diagonal represent split-half reliability coefficients. RT = Reaction Time. a Spearman's ρ presented because error rates were not normally distributed.
* p < .05.
FIGURE 1
Means and standard errors of reaction times (RTs) for angry, happy, neutral, and sad stimuli, by group. Notes. There were significant differences in RTs for angry faces as compared to happy, neutral, and sad faces. * ps < .05.
Design and Data Interpretation
This study uses a mixed 2-way factorial design with the between-subjects factor of Group (LH vs HH) crossed with the within-subjects factor of Emotion (angry vs happy vs neutral vs sad stimuli on the EIGIT). An Emotion main effect would indicate a socioaffective processing bias, whereby participants demonstrate greater interference by 1 emotional valence versus another. A Group × Emotion interaction effect would indicate that socioaffective processing biases differed as a function of hostility.
RESULTS
Reaction Times
A mixed Group (LH vs HH) × Emotion (angry vs happy vs neutral vs sad) ANOVA was performed for RTs, using the SAS GLM program for unbalanced cell sizes with the multivariate option to avoid violations of sphericity assumption. 26 The ANOVA yielded a significant main effect of Emotion, F(3, 88) = 4.04, p = .0097, η 2 = .12, indicative of a socioaffective processing bias in the overall sample. The main effects of Group and the interaction were not significant. Follow-up tests indicated that RTs for angry trials were significantly slower than for happy (p = .049), neutral (p = .005), and sad (p = .001) trials. There were no significant differences in RTs between happy, neutral, and sad trials (see figure 1) .
Error Rates
Because errors rates were not normally distributed, nonparametric tests were used. Wilcoxin sign-rank tests of differences in error rates as a function of Emotion type indicated that participants made significantly more errors on angry trials than on happy, neutral, or sad trials (Ss ≥ 230, ps ≤ .0002). Nonparametric rank from 2-way tests 27 indicated a significant omnibus Group × Emotion interaction, FIGURE 2 Means and standard errors of error rates for angry, happy, neutral, and sad stimuli, by group. Notes. There were significant differences in error rates for angry faces as compared to happy, neutral, and sad faces ( * * * ps ≤ .0006). There was also was a significant Group X Emotion interaction, such that there were trend differences between HH and LH participants in error rates for angry faces ( * p = .052), but no group differences in error rates for other emotion categories (ps ≥ .17).
F(3, 270) = 3.10, p = .03. To deconstruct the interaction, Group differences were tested for each emotion category. Mantel-Haenszel χ 2 analyses demonstrated a trend indicating that a greater proportion of LH participants made more errors than HH participants for angry trials, Mantel-Haenszel χ 2 (1) = 3.76, p = .053 (see Figure 2 ). In the LH group, 51% made 0 out of 8 errors, 27% made 1 error, and 22% made 2 errors. In the HH group, 63% made 0 errors, 33% made 1 error, and 5% made 2 errors. There were no significant group differences in the proportion of errors for happy, neutral, and sad trials. Additional nonparametric rank tests, controlling for PANAS-negative affect scores, continued to show a significant Group × Emotion interaction, F(3, 267) = 3.14, p = .03
COMMENT
This study examined the responses of HH and LH individuals on an EIGIT, which assessed the relative emotional interference of angry, happy, neutral, and sad facial expressions. Results showed that participants were slower and less accurate in responding to angry faces in comparison to happy, neutral, and sad faces (which did not differ from one another). This suggests that participants were distracted by the affective content of angry faces, which interfered with their ability to quickly and accurately categorize the gender of these faces. The greater interference caused by angry faces is consistent with Kolassa and Miltner, 7 who found that participants had slower responses on the EIGIT to angry faces, as compared to neutral faces. The current study extends these findings by demonstrating that the EIGIT is sensitive to emotional interference effects as a result of angry expressions for both RT and accuracy.
Although Kolassa and Miltner 7 found that participants exhibited slower RTs on happy (vs neutral) expressions on an EIGIT, the accuracy and speed of responses were not different on happy versus neutral trials in this study. It is possible that differences in sample characteristics and task procedures could explain this discrepancy. Two-thirds of the participants in Kolassa and Miltner had an anxiety disorder. In addition, their study included more trials and half of the participants had completed an emotional facial expression-decoding task prior to the EIGIT. These differences are of note, given that Bradley et al 28 found that socioaffective processing biases toward happy faces on a visual probe task (i.e., a test of visuospatial attention toward emotional faces) were exhibited only in anxious patients during the latter half of trials. Thus, socioaffective processing biases toward happy affect may be more easily detectible in the latter half of trials and among anxious individuals. Nevertheless, other studies using the visual probe task have not demonstrated a significant processing bias toward happy faces. 29, 30 Participants were not slower or less accurate in responding to sad faces. Previous studies have had mixed findings, with several showing no evidence of a sad face-processing bias. 31 Typically, studies that have found significant biases toward sad faces demonstrate such effects only in depressed participants. 32, 33 Thus, the overall pattern of data across studies suggests that nondepressed participants do not show processing biases toward sad faces.
Examination of whether trait hostility moderated socioaffective processing biases indicated that HH and LH participants exhibited different patterns of errors across the emotional categories (i.e., a significant Group × Emotion interaction). This interaction remained significant when controlling for PANAS-negative affect scores, indicating that this effect was not explained by higher overall levels of negative affectivity in HH individuals; rather, it was specific to the socioaffective trait of hostility. Simple effect analyses indicated a statistical trend (p = .052), such that LH individuals tended to be less accurate than HH individuals in categorizing the gender of angry faces; however, there were no group differences in participants' responses to the other emotional categories. These findings suggest that HH individuals exhibited less pronounced socioaffective processing biases toward angry expressions than did LH individuals, although the magnitude of this effect was modest. It is possible that because HH people experience high levels of interpersonal cynicism and anger in their daily life, they have become habituated to hostile interpersonal stimuli, such as angry faces. Thus, they may be less surprised and distracted by angry faces, which would explain the lower error rates in this group. By contrast, LH individuals who experience low levels of social cynicism may be more sensitive to hostile interpersonal stimuli, and thus more surprised and distracted by angry faces. One potential interpretation is that diminished interference effects among HH individuals represent impaired socioaffective processing. Indeed, previous studies have found that scores on the Cook-Medley Hostility Scale and other measures of hostility that tap social cynicism are associated with lower detection ability on direct measures of facial affect decoding. 14, 15 Taken together, hostility may potentially be linked with processing deficits in differentiating the emotional salience of facial expressions on both direct and indirect measures.
Hostility did not moderate emotional interference effects when RT was the dependent variable. In addition, correlations between RT-and error-based estimates of emotional interference on the EIGIT were small in magnitude and negative in direction. Executing the required response in the EIGIT (i.e., gender classification) accurately is quite simple, and errors were relatively infrequent in this study. By contrast, executing this response quickly can be relatively difficult, and there was a range of RTs both above and below the mean response latency. Thus, errors on the EIGIT may represent particularly severe capture of attention by the emotional content of stimuli, resulting in significant disruption of the required response, whereas emotion-induced response slowing may be more sensitive to subtle attentional interferences. This outcome could perhaps explain the disparity in findings across error and RT. Indeed, previous studies using the emotional Stroop task have found that error rates and RTs have differential associations with external variables, and that these measures do not consistently correlate with each other. 9, 10 These dissociations in the present study and previous research may indicate that RT and error measures capture different components of emotional interference and highlight the importance of considering both indices when using the EIGIT.
This study had several limitations. First, this study did not fully clarify the psychometric properties of the EIGIT. This study used a brief version of the EIGIT with relatively few trials. Although the split half-reliability estimates of interference effects were comparable to previous estimates reported in emotional Stroop studies that used a larger number of trials, 9 these values were generally modest in size. The pattern of intercorrelations indicated that within RT and error rate indices, interference effects for emotion categories were associated with one another. Although there have been reports that interference scores are correlated across stimulus categories in emotional Stroop studies, 34 it is unclear what this means with regards to the validity of the EIGIT. Second, the findings were specific to angry expressions. Although the lack of corresponding effects with sad faces indicates that the findings were particular to social signals of threat (and not simply general negative affect), it is unclear whether this pattern would be illustrated with fearful facial expressions, which also signal impending threat. Third, we did not control for type-I error, although several analyses were conducted. In addition, overall error rates in EIGIT performance were low; thus, their practical meaning is not entirely clear. Further, even though a significant Group X Emotion type interaction was found for error rate, simple effect analyses indicated that LH and HH differences in responding to angry faces were only at a trend level (p = .052). Accordingly, these results should be interpreted with caution. On a related note, the sample size may have been too small to detect some of the effects present herein. Indeed, given the size of the withinparticipant emotion effect contrast of RT on happy versus neutral faces, the post-hoc calculated power for detecting that the effect was only 0.14, which is insufficient. Perhaps using a blocked (instead of mixed) format for presenting each emotion type, which has been shown to produce more robust effects in Stroop studies, 35 and examining these effects in larger samples would allow a more sensitive test of the current hypotheses. Fourth, we did not analyze whether the gender of the participant and the target stimuli moderated interference effects because of limited sample size and the small number of trials in this task. Nonetheless, this issue should be addressed in future work. Fifth, the generalizability of the current findings is not completely clear. Because the present study was focused on smokers with relatively high rates of past major depression who score on the lower and upper ends of the hostility continuum, it is unclear whether the current findings would extend to nonsmokers and individuals with moderate levels of hostility. Although prior research with the EIGIT suggests that emotional interference effects are found in nonsmokers who are not recruited with regards to level of hostility 7 and data using other interference tasks have extended to a range of clinical and nonclinical populations, 1-10 it will be important for future research to explore whether some of the findings that were particular to the current study will generalize to these other groups. Finally, although the EIGIT is suspected to measure similar processes to the emotional Stroop task and be less prone to strategic efforts to suppress interference effects, we cannot empirically test these hypotheses. Thus, future studies should explore the relation between the EIGIT and other measures of affective processing.
In sum, this study showed that the EIGIT is sensitive to socioaffective processing biases toward angry faces and offered preliminary evidence that error-based estimates of these biases are moderated by trait hostility. Because the EIGIT uses ecologically valid affective stimuli and may be less prone to strategic efforts to suppress interference effects, this task may be useful for future studies examining the role of socioaffective processing biases in emotional and interpersonal traits that contribute to mental and physical health.
